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ABSTRACT

This research aims to study the approach of electricity cost reduction using solar cell with time of
use tariffs for residential and small general service. First, the study was based on electricity tariff rate (2015) of
the provincial electricity authority (PEA) to simulated the electricity cost saving depends on the electrical energy
consumption behavior such as total electricity consumption (kWhy,) and the ratio of electricity consumption in
peak time (kWhp/kWhyy) relying on rate type. The result shown that the electricity cost saving depends on the
behavioral variables of electricity consumption which is different according to the type of customers. The
customers who want to change the tariff can analyze their electricity usage behavior. Then the chart will make
the possibility of saving electricity bills when changing from normal tariff to TOU tariff. The customers in 1.1.1
and 1.1.2 at voltage level 22-33 kV must have a ratio of electricity consumption in peak time not exceeding
0.7. For the customers in the rates of 1.1.1 and 1.1.2 at voltage level lower than 22 kV and those with small
general service must have kWhy/kWh;.q not more than 0.52. The next step of the study is sizing simulation to
optimize the PV (Photovoltaic) size that will benefit from the TOU tariff. For the customer with electricity
consumption 150 unit per month and a voltage level lower than 22 kV that considers installing photovoltaic in
Phayao province that determine the production of solar energy used for peak time. The results of the study are
the charts of minimum and maximum size of PV for customers to choose the suitable PV size. The finding the
minimum size of PV to be installed depends on the electricity consumption before installation and the ratio of
electricity consumption in peak time. The customers who use the total electricity consumption less than 500
units per month and the ratio of electricity consumption in peak time more than 0.8 will not benefit to the TOU
tariff. The minimum and maximum PV size depend on the total electricity consumption before PV installation
(kWhyg) and the existing ratio of electricity consumption in peak time (Q(). If kWh; e and Oz are increasingly

high, the maximum size of the PV installation will be accordingly enlarged as well.
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un3ml 1nme19 uazAraiwa Wnufa (32] vinnnsAneniEesnisdanis i
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(Aft.) 51 fanisaula
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Pallonetto 2016 v v
Miller 2017 v v v
Qiua 2017 v v
Missaoui 2014 v
lwafune 2017 v
Kazemi 2017 v v v
Shakeri 2017 v v v
Xu 2016 v v v
Hussain 2015 v
Rajalingam 2016 v v
Fera 2016 v
Nan 2017 v
Ghazvini 2017 v
Minchala-
2016 v
Avila
FBHING 2015 v v
VBNAUNS 2005 v
AR 2014 v v
WNSMI3 2016 v v
Winvinne 2017 v v v




FEN1TANRUINUIY

vsasiiaftalueuias
LSBT [ RINSUNITANEIUHINNNITRAAT R F8 NN AR Lasanfias
] o o I v o o v 1 o a 4 A o 43,
FAINNLDRTIAINA Lqm’nmmﬁ%mmumu@%mﬂﬂ LAZAGNITURIALAN HEIH
1. wuiiindaganislindsmiiaidisgedauasfianissungn
2. fuudsnsiAriantinudaasing ﬂﬂamﬁfw%dwgﬁmﬂ
3. AANAIADS LA U UNTHAASUNITATHI
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AUADRAITANRRNISIY

Waiduuwanislinisaiiveddeagafssuuuazaninemade ifussgais

N
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AUz aaAr89INITI g NATUIN AMNAMHANITRE WHUTE AN BN §TeRenimun

D

TumenansnngAdediu 2 don uasfiiunendasia Ui

dauit 1 nafnefiunisdiaasatszngnininatnniaiaausn e s
WLUARFIRTNEINLIRNIBINTS L (Time of Use Tariffs)

1. indayalaseasnednsndr WD w.e. 2558 antszniAasnisiWidngaw
ARAARATALNUg AInaU sz RAf TWR1a N N g Ree fneandmsun® s
8031 TOU

2. AnzinaLssndnan s dudnad i iwidazon 1 uag 2

5. naapsindayafilFiinislsnifingunsoinasdns ozns lEwassu g
(Load Profile) anuga9iaanaesusiazideastinufangng

4. agUnantFATzinalasdnan s Asudaand inan s niaenn

TIMUAIBEN AINTN 5
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FavinunngAnalssndasn knainnis FavinunugRnatszndasn Wian
WRuAT W9 gm0 G AN9AsUAN RN SR SIUNR
NTlugmgT TOU Uazian 1 N fludngn TOU Uszian 2

- fiudayansndsemini
— ANYENT HNAI IR (Load Profile) ANuEiagiIanadudms i

— AMTIATIEARALUTET RN NI AuS R T AT N

3 NUNUYANALTENSR

aqUnaLszndnanstEdns TOU

AN 5 nMsanaasnalsertaaT e NN AauansaT A
AUt 2 N1991889ABN1TADNINIANAIIULEIATTing (Photovoltaic: PV) 71
NI ENFIMSUAT RPNt 919 A1284015 0 (TOU)

NN9A9EAZINNNTINRBIAENNSAB NI ANANRILEsETTias (Photovoltaic: PV)
AN AN FMSU AN IR ML USRIIAINE9Ia89n5 1 (TOU)RBALATZARaNI5Fne
WIeNNTanAf e en AN et uLarAan1sIuaEn InsflduneusuansTunin
6 WazisnuazBunnd

1. #319aNn15A WA 298ns1UnFRuazdns TOU Taseadradngnen fnsiat
W.Al. 2558 NUsnAreIn1sinaaugfinim

2. U AUN AN TN ARSI UWAINUAIRNTiad e ndnaniwuasaniing

ADIFIATANZLEN



31

3. a5 NaNN1TATNNI2899R91UNR LA T®91 TOU HaRARNTsUUNAINIY

LaIDRS

4. wamiesngares PV iEn Hsudsrlamsiarndniindnsaindasaaizes

51 (ToU) anSenly AlningmessdnsUn@mindusng ToU

5. wamngegaues PV Adslisudsylamianndrlwingnsiningosoanves

|
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51 (ToU) anSeanly nasnszrdnA g weesdnsmnfinudnsn TOU snfiga

AENENNITAT R8s RIUnRLazdmsn TOU
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YU RRNAIITUTN AR TN T UL NAITIHLEIBTARE

AENANNITAT R a98 P9 UNFLAZERTT TOU 1HaRAMITEULNRINLAIBTARS]
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WRIYUIARINAYES PV VIYUIANINALDI P
o o/ dl | %3 o o/ ‘dl 1 o/
AnsufiA WRdm97 TOU ASUTIA A8 m91 TOU
a4, . - 4, Dt
Tasii mfvxlﬂﬂgflmmﬂmmﬂm Tasii Nﬂmﬁzmwmfwﬂflgmﬁm
WinAu8a®s1 TOU g931UnFINuEeRsT TOU Nndign

[
a

AN 6 NITIIRDIITNITHADNVRIANRIHUFIBTIAE (Photovoltaic: PV)

ANTIZ AN AT AN B RS TNTIIIRIVBINTS 1 (TOU)
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1. dayaiasiy
MeAdEeENaINAEEE LN RRal T Afid1sBsUsT Al ATsaE9ER T
AnTnisinT w.er. 2558 [10] AtlsduTEsousiifaungr@naes w.a. 2558 dmsunisanaizy
Taef iR esmisanfeusntidnsy TOU mniwdusufiugns TOU uda desnis
ndululdnsnAnazduegtudaulares i iusazissan uaziloutszinodunis
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o

AARaReeas TOU [32] A9RISnS 4

A1979 4 [Wanlalunsilfeunaunigansilnd

JuUszNIenig

msifeunaunn  Waulalunisifewnsuantdansa y .
Uszian . _ _ finmeNimas TOU
Wansund Unm
(un)
Uszinndl 1 fimagende G Tdnan TOU snbisleendn 12 Wlew 17,000 - 18,000
Uszanii 2 Aani5auinEn T Weman TOU wnlifimandn 12 Wlew 17,000 - 18,000

2. ANNIHAUTEAdRAT (Wi
nngaEauNLgAnal T ez Edulaantsaisannn A gL
aiagnsusazlsziandnsn TngaWingudandagaslisanaAinisuasanlnin
Fautls (Float Time, Ft) Tufifasfienadautaniedinmeinasunis i fnnene 6
AIHANANS SEMdeAn [N g s miag uarsauU s A g Ainssnns T

TR HeHLanF1THean [UaINLARz UG FIA1519 5



33

A1579 5 AUNAIMUSFIUNGRNTIHAS T WA

Neyanuod ATTNRHNUS ATTNINTE
kWh . v o
a a = —Fek Araanun1g EnRss i
kVVhTotaI

wNEAn: kWh, #e wasemliinilfsasnadienlugasnnudiaenisinihgs (g
W kKWh)

KWh,_, A8 wassswinsansisifian (niag si3a kWh)

NS4 6 ANMSATTHANNLE2B9ATNNNgIAUA UL SN eFinsngRngsunns 18 KA
szian NI

mgfué‘?% /ANNS
Usznndi 1 1.1 Unf

1.1.1 Wwaaann i TdiAn

UR| (kWh,.,) = 2.3488 +0.6394(1— 15 )
tuegande 150 NHIEFABLABW otal
+0.2523(1— 25 )
otal
+0.3832(1- 35 )
otal
+0.0934(1— 100 )
otal
105047(1- —20 )
otal
10199901 290
otal
1.1.2 Wwasannlwian UR, (KWh, . ) =3.2484 +0.9734(1— 150 )
150 NHIEFABLABW otal
+0.1999(1— 290
otal
1.2 Au 1.2.1 U396H 22-33 kV UR,, (@) = 2.6037 +2.5098(2)
L Ne I ataN

1.2.2 WSSFURING 22 kV

el UR,, (@) =2.6369 +3.4613x
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1579 6 (AD)

Uszian ﬁvﬂi'] ﬂ@jﬂéﬁf’i’f ANNS
Uszand 2 2.1 Un@ 2.1.1 U396 22-33 KV UR, =3.9068
fan1sauIman 2.1.2 WRIRUANNGT 22
» BRI 22 R (KW, ) = 3.2484 +0.9734(1— —20 )
otal
+0.1999(1— 290
otal
2.2 aH 2.2.1 WA 22-33 U 96037425098
%49L980 KV Rrou (@) =2 e ()
ﬂﬂ\?ﬂq‘i‘fﬂgﬁ 2.2.2 LL‘iQﬁu@?qﬂ’j’] 22

UR.., (@) =2.6369+3.4613

kV

o/

1NN 7 92RLINALUTNARAAIENS AT

a
1-———, a < kwh,
a )
1 wNw kWhTotaI -
kWhTotaI (1)
0, a = kWh

otal

Tng a fa dAaasiiln 7 Tupna1 7; UR, An AnlWingusdensiasezssnisinsn
T uuudnsn® (wmmag); URy, Ao dArliingiusemidsaaasnisindn Wiuuy
891371 TOU (U m/yidag)

ANNNTA RN gIFIR1979 7 EanansinsnasannfanaLsEnsas e
Wagndnaeninandnalndnifiudna Tou Hansannnssa i

nsellALUIINgmIUnAIu TOU dmsudnsian Windsznnd 1 uag 2
_ URN _URTOU
UR,

o %100 (2)

da & Aa SavaznatszndnAn i
3. unsnAnaszndnanWin
annnsesanalszndaiiaideunntidng TOU auannisf 2 a1mien
sinanniamainndendnusmgRnalseinaina s wiusiasssomas
Uszinndt 1 fiagande
3.1 9091 1.2.1 (22-33 kV) Wiguiudpsn 1.1.1, 1.1.2
§m91 1.2.1 dmsutinungedei tszun iuseiugs Feananulsly

@) o

nn pradutimeua g ffudnianis i igennn Tunan 7 uansiiiuin wa

v
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Usendaauag TuUsHIun15 18 INRTaNTs A auLasFaaaunis e (Wi Tugasman
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Hoen13WH1g9 5938999 On Peak (KWhe/kWhryy) 1% §TH WA TETWAN 400 nilaasie
Fou faefiuFunoinis i tugasiaan on Peak Titfin 50 % m9U3unmnsTEWin
yivne AsazanrnsadasndnaWdaansifunnlEone ToU dowilEiniddnaon

AN WRIHINNGT 0.7 131 ez INaINNTnanAT MRFgn 19U asuNN #8751 TOU

S KWh /kWh, = 0=
EF
= 0.4 —
C

% 0.6 T
Ehve) (o '

= e 08 —

) y

5 -20%

(™ [}

< i

?é —40%-?:‘::. ---------- om31 1.1.1

% E.h. s 1.1.2
;e i

]

0 200 400 600 800 1000 1200 1400 1600 1800 2000
kWh

Total

AN 7 8BRS 1.2.1 (22-33 kV) gunuansa 1.1.1 isaans 1.1.2

3.2 8791 1.2.2 (< 22 kV) Wisuduansn 1.1.1, 1.1.2
dm31 1.2.2 dmsulinuagendaf Eszuu niuseiuininawe 220-

580 Toadl AvinuBanantsindssmiininenadidrsinetiily dmsudiiningaen 1.1.1
FaW i TaliAu 150 daesiaienihy lefiansanainain 9 wudinadsznsintvesdy
druanmsias T aaauazAdnsaunts T i wu GTETWRNASUSHnninns o
80 ningsinfow fasldnaaunisidinlugasaandosntsingede On Peak s
A1 20 % awdas Iliimuadsarannaaand idaani s uunntdman Tou
u@ﬂmﬂﬁﬁqwudﬂéf%mﬁﬁﬁﬁﬁﬁﬁ@d%ﬂﬁ?ﬂﬂ/\lﬁﬁ%ﬁ% On Peak (KWhe/kWhiy)

NINNIT 0.3 sias NaNtsnanaATMRden 19U Rsusn tF8ms1 TOU
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donf T Tidmen 1.1.2 AlHTWR1AnAdn 150 milaadefou na
UszndntuagiulEunmunts i ininimaauazrdnaannis T Rndae i wu 71
Tiindoust 420 miassieiRen azdesfidndannistiwindasaudosnisiningese
n38 On Peak Tal1An 0.4 arunsaUszndad1i1dagnsildeunlédnsn ToU
uananfgonudn TR Ad dadannistEningag on Peak nnndn 0.55 sinl
ansnan i AaenisuaunlEdng Tou

deofansaniinyauns aun. [6] Aszydntinuegondedidnag i
faust 800 milagstaiAantnly wazdaidndannialEniagas on Peak windu 0.4
anungatazndada i i efiersanannnin 8 wudaiEwinfnanaing
UsznepA W7 5.7 % daud WA unas T8N 1,000 minasieifon uaz
Ardndannialgiwialugas On Peak finanda 0.45 Aralasuuntidnan TOU aaw

ATLWZINYDY 1ONBUNS [30] Siuariinalsensman WAUsenind 4 %

kWh, /kWh, . = 0

’ m.w—»ﬁfmpw

X

suauszngam v ()

e D057 1,101
8ms1 1.1.2

Sp8a

200 400 600 800 1000 1200 1400 1600 1800 2000
kwWh

Total

AN 8 BMS1 1.2.2 (< 22 kV) Wigunuams 1.1.1 Wsaansd 1.1.2
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szl 2 flantseadn
3.3 8m31 2.2.1 Wauiudne 2.1.1 (22-33 kV)
#m97 2.2.1 dmduRantasmnadni iFszuuiusdings aananntsdi
2 Wudflwaﬂiwé’mﬁu@gﬁumﬁmqumﬁ?ﬂw% (kWhp/ kWh1ga) wintha iiegannid
97 2.2.1 Tudnanfidaliinaci Biduadduanamiannis i St
Ansoun1s Wi Tugas on Peak Taitfin 0.52 azflanlwinaasdngn TOU gnndndman
Unfivama wenanniisenanalFidn d1ldinatimdsmhivdefinsiiies&nienl

991981 On Peak {3 linazamnsassndinAn i lFannnda 30 % denm 9

40%

N

o

X
IlII:IIII

o

X
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e
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<
(S,]

0.9

suausensnA Ll ()

-20% -+

S8a

-40%

KWh,/K\Wh

Total
AN 9 BAST 2.2.1 (22-33 kV) Wigunuanst 2.1.1

3.4 8997 2.2.2 WguiuamnIn 2.1.2 (< 22 kV)
§m31 2.2.2 AmFuAenIsINIAENT sz UL AR ussf A wan
220-380 laad [10] Twnaw 10 %LLﬂmw@ﬂﬁ:wﬁ’mﬁu@fgf‘ﬁ’uﬁflmwmﬂfw%ﬁfmﬁgqLc?mu
WATANRAFIWNTTIH WA (KWhe/kWhiyy) 12 ﬁ?%fﬁ/\lﬁﬁﬁsfﬁw% 420 vagsafal faall
winens T i uga919an On Peak (ot 40 % vaemias Wi ianam Aesnnse
Uszndaen IlidaentaiaunanT#8nan ToU uazarnguwudni ¥ infifdndndannns

W NANNT1 0.52 513 THaugaanel Rsaan1sagunnlEamsn TOU
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40% KWh, /KWh. oy, = 0—]

N

%

>
1

1

0

ES

Sovaznadszudaa i ()

0 200 400 600 800 1000 1200 1400 1600 1800 2000
kWh

Total
AN 10 851 2.2.2 (< 22 kV) iigunuans 2.1.2

4. nsviumgRnalsende (dem

HlE R an Tz dsnd ihanndnsiunAnnidngnsn ToU amnansin
unnganaUszndn iU liTunisiinazidnanmaesmmashudosdin Taanisin
Hioyanistiinin videtiayaantuudmidninsnAmandndaulsfifieadias udaniie
Fananamn plot SNUMAUGR FasinlinanunaUseinfiAatulE daa s e uiiua g o iy
Famtinaft i TusnaUng 1.1.2 uasfinis W iwiwingy 981.9 wiae danam 11 Tunns
Anssidnanmtunisdeunl¥ine Tou §iEineiameudmmion il
fiamun uazdnaunis i tugag On Peak BN plot asuLLAMARKALTZME AN
T faudeiinisfuiieyanisl¥inasusiazgingol fmians 8 ilosndmaninig

WA INAFIFNNTS

KWh = fidstiaesgungal (kW) x Falsantaliem x Sogazniainm ()



w1 981.9 ¥
arlirhgm 4153.93 170
@1 FT-0.2477 un/miiag -243.22 17
‘s'w;?mni?‘lﬂﬁl 3,910.71 17
T \ 1) vlm
‘ mmw‘iu 273.75 1N
¥ unl unM

4,184.46 1

aaAiasTa e isinndac 1124
assn s llhdawniing: coe o
vannauglaTiy seees 1
Uisduion s Tuildunian o

LRUAMATINAG 499.75 LAY IMATINOW 492.74

WA
4

¥

AN 11 TuLlﬁwﬁﬁi'ﬁw%ﬂsxanﬁwufagmﬁf’wmﬁm@yjmﬁﬂﬁqaihe
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A5 7 NsUseid ums?%wé’amu?ﬂﬁwmLtﬁazqﬂﬂsm(fw%ﬁmﬂﬁ'ﬁu@gjmﬁﬂéhmhﬁ

ANAS dluansi Wrsiadian  Sawar  wiasWHNilEsaian
gunsed R F7uau s
Peak Off peak R KWhpeqr kWhgp

(Watt) 119734
WAIBNUSUBINNA 1,000 3 44 226 50 % 66.00 339.00
WPEasUSuannne 1,000 1 0 24 50 % 0.00 12.00
Naea W 46 g7 66 54 100 % 21.25 17.39
ana W 46 1 66 264 100 % 3.04 12.14
NaDa W 36 4 44 76 100 % 6.34 10.94
Tnaviend 60 3 44 76 100 % 7.92 13.68
Tnaviend 160 1 22 8 100 % 3.52 1.28
Tnaviend 160 1 0 40 100 % 0.00 6.40
ADNAIADS 100 1 44 76 100 % 4.40 7.60
ABNAILAES 350 1 22 8 100 % 7.70 2.80
LAFBIENAN 600 1 22 8 100 % 13.20 4.80
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M54 7 (918)

e WAA s dsaian  Seuar vk W tEdeufen
fnend TN
(Watt) Peak Off peak NM5119% KWhpeqr kWhop
LAER 2,400 1 22 12 100 % 52.80 28.80
Waan 54 1 22 8 100% 1.19 0.43
widasviney 122 5 5 30 100 % 5.49 10.98
nazRntngonu 600 1 14 30 100 % 8.40 18.00
winlulasian 800 1 20 10 100 % 16.00 8.00
mfi‘m@mﬂu 2,000 1 22 12 100 % 44.00 24.00
Fidu 109 2 286 434 30 % 18.70 28.38
i 70 1 286 434 30 % 6.01 9.11
TSl 1,500 1 10 7.5 100 % 15.00 11.25
Haindnluia 400 1 286 434 10 % 11.44 17.36
9IH 312.39 584.36

AR ENAU I aaaTaLReN Nuddagauns TEna 9w
(kWhp/ kWhiog) HET 0.35 FasinAnsenans wiantuan KWhrotar 81 plot AMRSUHLNWYH
naUszvdne Win2e98n31 1.2.2 wudaliueganfaasnaiaainisndszsndnen iy
arnmaAsusn AT RS R91 ToU Tisvanadesay 12 seuantunin 12 TnaRaudn

AR gTianasszanm 498 um (HaanAnEnIg At Ft uaznnByaii)
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kWhpe/kWhigta = 0.35

= 40%7 ) kWh,/KWho . = 0——
~ i e

< 1 0.2
= 20% ST

= 10 . =
= 11 =il 0.4 —
-E ’ I L ’ /’fl—_ e e e e 0 W B I O

@ . l.IL—r' JIJIlIlIIIJIJlIlI'; f f IlII\J
Py 0.6 —

<

3

% 0.8

G

=

E‘é I mmmmeees 091 1,101

g 981.9 v 1 9Ms11.1.2

1

ayo I
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kWh

Total

AN 12 HRUSERETAATINRI2BITITUNNae s

ASIRENARIANAITRUFIBITAE (Photovoltaic: PV) RNz NA1RSUAT AR

AATIRTHAEINLIRNIVDY ﬂ’I‘i?’z' (TOU)

1. ABNI5AN®YI

o/ (4
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1. ﬁﬁTWﬁqgﬁuﬁi@%ﬂqg (Unit Rate) 2a999151UNALaza®m51 TOU

ﬂ'ﬁﬁf%’w?flm‘sfﬁmmﬁqTWﬁqﬂﬂqﬁﬂu@gjﬂqﬁﬂ A991 1.1.2 g98991NU5zne

dnsnAinapsnsiningaugfinin O w.e. 2558 [10] Tnaan Wi ueesdnsnf

Wazdns1 TOU azgnatuandannan iWingiusianias (Unit Rate) 289N19RARINAINY

LaID RS

AW IWsiaMaL (Unit Rate) 2998R91UnALazdm3n TOU azgnAIuam

"V’]ﬂﬂ&lﬂﬁ‘j‘ﬁ (4) waz (B)

UR, =3.2484 + 0.9734[

1_ﬂ]+o.1999(1—4—°°j (4)
KWh, KWh,
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e
1-—2 a<kWh
-——, a<
1-—2 =17 kwh
kWh,
0, a > kWh,
UR., =2.6369+3.163 (5)
Togi
UR, = AlWingusienian (Unit Rate) 2098m91UNnR (Lmislamiias)
UR,, = ArlWAng usionsiag (Unit Rate) 28980131 TOU (Lmisiansiag)

2. NM9UTLRRNITNRANAN U IR I91NTEUUNAN LA Tias
ANTHAANAIIIR NN LU UN I TULAIDT AT AR DY FINITOAIUI
FINANNTITHD (U [33]

kWh,,, = | x EF x30days x PV (6)
Toefl KWh,, = nasmminenssuunasuLseiing

I = Insolation (kWh/m2/day)
EF = An energy yield derating factor
Py = YHIAYDINAIHUENDTARY (KWp)

Grenzone (Thailand) w2319 Energy yield derating factor tvinfiu 0.7 [33] uay
ﬂ’im"mmwé’wmwmLmum:w%’ﬂﬁwﬁwmfﬁﬁmmﬂ‘%mmLLmLmeﬁﬁimmuuﬁuﬁ
Tanlazia@e (Solar Insolation) Tuaamdanzian 4.67 kKWh/m2iday [34]

vk
KWh,, =98- PV )
3. nnaUanfinAr Wi gderinniaRafsarUunAsLaenfing
By N1 R AITYLUNANNLAIaNTinTuda axvintHUsH1 a5 TH A
Tugia9 On Peak uazBNA0INT M N anNAiansm (kWhy) aAa9 gNAIBE19EH 1111
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kWh, . =(kWh, . —98-PV) (8)

AINASAARITZULN AN LEsanTing axyinTFandanunis st Tugag
AYINEBINIT INRNgenEe On Peck iWasuulas Tnadenlarnsnisidaiiazfiansan
WEN IR ANAR [F N3 NG LEsafing avinnsinifunasmulEiidamese
st m3ugag On Peak Fndannislinaailiinturasnandiesnis Wi gt

ufiuAIaNN1T 9

te -KWHh, _ —98-PV
(04 =
"€ = Wh, . -98-PV ©)

Vv

INANNNT (4) UA (5) FHITOUNNIARAT WA BasLsazanT1 [Fa9T

EC, =kWh; ¢ -UR, (10)
ECrou =KWh: e -URroy (11)
\la: EC, = Aingmueasdnandnd (wm)

EC,o, = AlWAnguansdngt TOU (uwm)

iWevinn1sunuenannsfl (4) - (9) Tuannisil (10) waz (1), AlRIgaBsLs

[

AzHNI AT

EC, =(kWh, . —98-PV )x| 3.2484+0.9734 1-— 10 1019997 40
' kWh; . —98-PV kWh, . —98-PV

(12)

EC,o, =(kWh, . —98-PV )x| 2.6369+3.1613
TOU ( hT,E ) |: [ kWhT]E_98PV

ag -KWh, ( —98-PV H )
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EC, =EC,, (14)
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KWh,,, = KWh,_, (19)
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PV = M (20)
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i 22 kv wardlilwihussunnfansvnadnaesesdidndiunslalnilugiaaan peak time lsiiiu 0.52
dmsuflélnihussanfismsuunanansitldlnih 22-33 kv Hiidadaunistilihdienndn 0.4 vielisdn
Uszneunsldiniiiiesnds 0.08 ansadsusnldsng ToU Tt ﬁausﬂ%’lﬂﬂwimwménsﬁiﬁ
wanamilsiildlnin 22-33 kv azdpsiidndauntslilvifinlutasan peak time fosndn 0.55 uasgld
Tfhuszuavesdnsdliuaramilsildlndhieands 22 kv azdeaidndunsldininlugisaan peak
time Yaunin 0.65 dauglilwihuszianguinitonisinuas asdosiidadiunsliluilutaaaan peak

time tasni1 0.4

Ardnfey : S0 TOU; msidsudssamg [l msuseudadnlviih

Abstract

This article aims to propose the electricity cost saving chart by changing from time of day
(TOD) to time of use (TOU) for all electricity tariff rates. The study was based on electricity tariff
rate (2015) of the provincial electricity authority (PEA). According to the research, the electricity cost
saving depends on the electrical energy consumption behavior such as total energy consumption
(KWhy,), electricity energy ratio (kWhe/kWhr.,) in peak time, and Load Factor as well as demand
ratio (Ppe./P) relying on rate type. The customer can use this chart as the guidelines which changing
to TOU rate by analyzing their own electrical usage behavior parameter. In addition, the chart is
plotted to evaluate the percentage of energy saving. The customer can change to use the TOU
rate, if they qualify these conditions. To illustrate, for residential customer at voltage level 22-33
kV must have an electricity energy ratio in peak time less than 0.7. For residential customer at
voltage level is lower than 22 kV and small general service customer must have an electricity
energy ratio in peak time less than 0.52. For medium general service customer at voltage 22-33 kV
level which have an electricity energy ratio in peak time less than 0.4 or load factor less than 0.08
can change to use the TOU rate immediately. Additionally, for non-profit organization customer at
voltage level 22-33 kV must have an electricity energy ratio in peak time less than 0.55. A non-
profit organization customer at voltage level lower than 22 kV must have an electricity energy ratio
in peak time less than 0.65. Finally, agricultural pumping customer must have an electricity energy

ratio in peak time less than 0.4.

Keywords: TOU rate; change electric rate; electricity cost saving
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Abstract

This research aims to study the photovoltaic (PV) size for residence that consider to take an
advantage from the electricity cost of time of use (TOU) tariff. The study is conducted by considering
the 2015 tariff rate of Provincial Electricity Authority (PEA). The research is studied only residence
with electricity consumption over 150 kWh per month and at voltage level lower than 22 kV. In the
study, the electricity generated from PV is used in peak time periods only. As the simulation results, the
minimum and maximum PV size selection chart is demonstrated. The minimum and maximum PV size

depend on the total electricity consumption before PV installation (A#7;;;) and the existing ratio of’

clectricity consumption in peak time ( az). If the electricity consumption per month and the ratio of
electricity consumption in ag are increasingly high, the maximum size of the PV installation will be
accordingly enlarged as well. [n addition, the results showed that the customers who use the total
electricity consumption less than 500 units per month and the ratio of electricity consumption in peak
time more than 0.8 will not benefit to the TOU tariff.

Keyword:
Photovoltaic, time of use tariff, residence, peak time

Nomenclature
a Constant
EC, Electricity cost of normal tariff (Baht)
LC Llectricity cost of TOU tarifl (Baht)
kWh,,,. Electricity consumption in peak time (kWh)
kWhy, Electricity cnergy was generated by photovoltaic (kWh)
kWh, Total clectricity consumption before PV installation (kWh)
kWh,. Total clectricity consumption after PV installation (kWh)
kWh, Total electricity consumption from PEA. (kWh)
PV Size of photovoltaic (kWp)
JR, Unit rate of normal tariff (Baht/k Wh)
URyprs Unit rate of TOU tariff (Baht/kWh)
o The ratio of electricity consumption in peak time
Subscript
E Existing
N Normal tariff

NE New
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Peak Peak Time Period
T Total

T0U Time of Use tariff
PV Photovoltaic

1. Introduction

Smart Grid Technology is the development of the electrical system which can respond more
intelligently. It is capable of using less resources, working effectively, sustaining resources, safety and
environmentally friendly. This technology can be described as self-sufficient systems which can
quickly solve problems in an available system reducing the resource and target sustainability. The
energy management technology consists of the main grid of electricity, the renewable energy, the
information technology, the energy storage systems and the automatic control system [1]. It is a real
time system with a data transmission of demand and supply of electricity to enhance the modern energy
management.

Renewable energy is an important part of smart grid technology. Each type of renewable energy is
differentiated by the source of energy such as solar energy, wind, biomass, hydro etc. Solar energy
(photovoltaic: PV) is used to reduce electricity bills for residential homes. There are many advantages
such as system reliability, low operation cost and maintenance, clean energy and free energy resources.
Many researches have studied about the appropriate PV installation for the residence |2] 3] [4]. They
found that the simulation of PV sizing optimization that each residential house was very complicated
which had to use many techniques such as economics, supply chain, and other depth factors etc.
However, a good simulation of PV could save an electricity cost for the residence.

Thailand has two electricity tariff for the residential homes which are a normal tariff and TOU
taritf. The TOU tariff shows an electricity cost per unit higher than the normal tariff in peak time (9.00
AM —22.00 PM, Monday — Friday) [5]. But the electricity cost per unit of TOU tariff is lower than the
normal tariff in off pcak. The installation of PV can reduce an clectricity consumption in peak time
which the electricity cost in TOU tariff is lower than the normal tariff. Therefore, the PV installation
and using to the TOU tariff can effectively reduce the electricity cost for residential houses. Syed et al.
simulated the forecasting of PV sizing optimization with clectricity management of TOU tariff [6].
They found that the house as the simulation can reduce the cost of electricity [rom the grid and reduce
load demand for grid during peak time period.

Recently, Songpol et al. conducted a study on electricity cost saving simulation of changing to time
of use rate (TOU) for residential homes at voltage level 220 - 380 volts [7]. The results showed that the
savings depended on the electricity consumption per month and the ratio of electricity consumption in
peak time periods. To illustrate, the customer who use the electricity consumption exceeding 420 units
per month and the ratio of electricity consumption in peak time () less than 0.4. They can save
electricity by changing to the TOU tariff. Furthermore, if the ratio of electricity consumption in peak
time is higher than 0.55, it cannot save electricity by changing to the TOU tariff.

In order to reduce the clectricity cost, the PV has been installed. Then, the percentage of electricity
cost saving by changing to TOU tariff will be effective when the ratio of electricity consumption in
peak time is minimal as shown in Fig.1. Therefore, this research study the PV size to achieve the benefit
of TOU tariff. In the study, the solar radiation data of Phayao province has been numericalled and the
clectricity generation from PV has been used during peak time periods.
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Fig. 1 Electricity saving cost of tariff no. 1.1.1 and 1.1.2 when using TOU tari(T substitute to
the normal tarifl [7].

2. Research method

In this research, the residence using electricity more than 150 kWh per month (units per month) is
considered. The evaluation of PV size that yields the benefit to the TOU tariff shows the procedure as
Fig. 2.

Construction of the unit rate equation for Normal tarifl and TOU
tariff

l

Estimation of the clectricity generated by PV system per month

|

Evaluation of the electricity basc cost equation for Normal tariff and TOU tariff when PV
installing
Minimization of PV sizing for TOU Maximization of PV sizing for TOU
tariff by the condition of the tariff when the most different between
electricity cost of TOU tariff equals to the electricity base cost of TOU tariff
Normal tariff and Normal tarifl is maximum

Fig. 2 The evaluating PV size procedure.

2.1 Unit rate for normal tariff and TOU tariff
The simulated electricity cost of a residence is an ¢lectricity customer referto 1.1.2 rate and the
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tarifl announcement by the provincial electricity authority, 201 5[5]. The simulation for the electricity
base cost of normal tariff and TOU tariff will be numerically calculated the unit rate of the PV
installation.

The unit rate of normal tariff and TOU tariff can be calculated using Equation (1) and (2) [7]:

UR, =3.2484+0.9734| 1-—20_ | 40.1999] 1 - 200 )
’ kWh, kWh,
Where:
a
. a_ _ lkahl > u< kWh,
kWh, 0, a2 kWh,
UR,,,; =2.6369+3.163c 2)
Where: JR,,  =The unit rate of normal tariff (Baht/k Wh)

UR,,;: = The unit rate of TOU tariff (Baht/kWh)

2.2 The electricity generated by PV system
The electricity generated by the PV system per month can be calculated as the following equation

[8]:

kWhy,. = I x EF x30daysx PV 3)
Where: kWh, = The clectrical energy gencrated by the PV
z = Insolation (kWh/m?*/day)
EF = Anecnergy yicld derating factor
PV = Size of photovoltaic (kWp)

Greenzone (Thailand) recommended an energy yield derating factor is 0.7 [8] and department
of alternative energy development and efficiency showing an Insolation for Phayao province is 4.67
kWh/m*/day [9].

Therefore:

kWhy, = 98- PV *

2.3 The electricity base cost when PV installing

When the PV system is installed, the total electricity consumption (kW#;) will be reduced and the
electricity bill will be also decreased. The electricity consumption equation after PV installation can be
written as the following cquation.

IWh . =(KWh, . —98-PV') )

The ratio of electricity consumption in the peak time will change as well. Considering that the
electricity generated from the PV is used only during peak time (It may be necessary to install a battery
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to store energy during the peak time). The ratio of electricity consumption in the peak time is as shown.

_ag kWi 98- PV ’
~ kWh, ,-98-PV ®

NI?

From equation (1) and (2) can be written to electricity base cost of each tariff as the following
equations.

ECy =kWhy . -URy @)
EC, o = kWhy o -URy,y,, ®)
Where: EC, ='The electricity base cost of normal tariff (Baht)

EC,,;; = The clectricity base cost of TOU tariff (Baht)

When replacing the equation (1} - (6) in equations (7) and (8), we obtain the electricity base cost
equation for each tarifT as the lollowing equations:

EC, =(kWh, . =98- PV )x| 3.2484 +0.9734 e B0
‘ i kWh, , =98PV

101999 1-— 490 ©)
kWh, . —98-PV

KWh, ,—98-PV
ECyp, =(kWh, , —98- PV)x| 2.6369+3.1613) S ——Tre 27 (10)
’ : KIVh, , —98-PV

From equation (9) and (10), we will simulate the electricity consumption of residential houses with
the use of electricity at 1,000 units and the ratio of electricity consumption in the peak time is 0.6. The
chart can be compared to the electricity base cost of both tariffs as show in Fig.3.
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Fig. 3 Comparision of electricity cost of both tariffs at 1,000 kWh and a. = 0.6 residence.

Tig. 3 shows that the installation of PV from 0 to 2.5 kWp, the electricity of the normal tarifl will be
lower than the TOU tariff and the installation of PV from 2.5 kW, results in a TOU tariff lower than
normal tariff. After installing PV over 6 kWp, the differences of two tariffs will be gradually decreased.
Due to the installation size of more than 6 kWp, the ratio of electricity consumption in the Peak period is
zero which the electricity cost per unit of TOU is a constant rate at 2.6369 baht per unit.

3. Results and disc
3.1 The minimum PV sizing

Based on Fig. 3, when the electricity cost of TOU taritf equals to normal tariff, then this point shows
the minimum PV size. This condition is defined by following equation:

EC, = ECyy,; 11

Substitute equation (9) (10) into equation (11) will be

3.2484+0.9734| 1-— % | 01999/ 1-— 200
kWh; , —98-PV kWh; , —98- PV

[a,‘ -kWh, —98'PV]
=2.6369+3.1613) ——«— (12)
KWh, . —98-PV
Where:
a L—&kWh, .. a<kWh,
l-———= '
wh o, az kvh,
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The equation ( 12) can be written as a PV sizing equation, which is based on the total electricity
consumption before the PV installation (kWhy,;) and the existing ratio of electricity consumption in

peak time (@, } as shown in Table 1.

Table 1 Equation for the minimum PV sizing,

Equation Condition

PV = (0.0127a, —0.0024)-kWh; , 3 if kWhy , —98PV <150
PV = (0.0205a, —0.0103)-kWh, , +0.9709 (4)  if 150 <kWh, , —98:PV <400

PV = (0.0234c;, —0.0132)-kWh, , +1.6748 (5 if kWh, , —98:PV >400

Equation (13) - (15) can be used to create the minimum PV chart that will benefit from using
TOU tariff as shown in Fig. 4.

8
. /
6 - Lo
= 1 (\*2
z 5 4
z
z 4 4 0.7/
3 .
2 :// os |
11— s
T 04 \.
0 = e
200 300 400 500 600 700 800 9S00 1,000
KWh, .

Fig. 4 Minimum of PV (kWp) installation with TOU tarifT for residence.

Tig. 4 shows the minimum PV size depended on the kWh;,: and the existing ratio of electricity
consumption in ag that will benefit from the TOU tariff. For example, the customer using the total
electricity consumption before PV installation is 400 units per month and the existing ratio of electricity
consumption in g is 0.7. Then, in order to benefit from the TOU tariff, a PV installation should be at
2.5 kWp or more. Fig. 4 can be concluded that the customer who use the total electricity consumption
before PV installation is 500 units per month and the existing ratio of electricity consumption in ez at
0.8 cannot take advantage from the TOU tariff.

3.2 The maximum PV sizing

The evaluation of the maximum PV size will benefit from the TOU tariff. According to Fig. 3, the
most different between the electricity base cost of TOU tariff and the normal tariff is the maximum PV
size. In this point, the kWhpr is equal to AWhpes and can be written the equation as
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kWhy, = kWh,, (16)
Substitute equation (16) in equation (12) will be

kWhy, x
98

PV = a7

The equation can be created as a chart to determine the maximum PV size that will result in the
different electricity base cost between TOU tari[l and normal tarifT has been shown in Tig. 5.

~
1

- N W A
|.|.|.|

PV (KW,)

100 200 300 400 500 600 700 800 900 1000

kWh,
Fig. 5 Maximum PV installation.

Fig. 5 shows that the maximum PV is depended on the total electricity consumption per month and
the ratio of electricity consumption in peak time periods. For the example, the customer who uses
electricity 500 units per month and the ratio of electricity consumption in the peak range at 0.4, the
maximum PV installation is 2 kWp. From the result, the maximum size of the PV installation is higher
when the electricity consumption per month and the ratio of electricity consumption in peak time are
increase.

3.3 Electricity chart for each residence

Fig. 3 shows the minimum size of PV that has benefited from TOU tariff. [f the PV size is installed
greater, the different electricity base cost between TOU tariff and normal tariff will also increase. The
difference in data is useful for the customers to analyze economics. So, this part needs to show the
comparison of both tariffs. According to equation (6) and (7), the charts are created for residence who
use the electricity at 200, 400, 600, 800 and 1,000 kWh per month, as shown in Fig. 6.
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Tig. 6 shows the electricity base cost of two tarill depending on the PV installed which are
electricity consumption per month and the ratio of electricity consumption in peak time ( & ). There are
5 charts for customer analyzing the electricity base cost by themselves when installing various size of
PVs. For the example, the customer who has electricity consumption at 400 kWh per month and the
ratio of electricity consumption in ag at 0.4. Then, if the residence installed PV at | kWp with using
TOU tarifT, it will be charged about 900 baht per month. On the other hand, if the residence installed
PV at | kWp with use normal tarifT, it will be charged at 1,100 baht per month as shown in Figure 6 (b).

3.4 Discussions

From the results, minimum and maximum PV that obtain the benefit from the TOU tariff are shown
in selected chart as Fig. 4 and Fig. 5. The customers can use them to select the PV size for installation.
In the past, there were no researcher presenting such information. However, this research consider that
the electricity generated from the PV is used only during peak time periods. The batlery [or supporting
the electricity in peak time have not studied yet.

4. Conclusions
The simulation of minimum and maximum PV size that benefit from TOU tariff for residence with

electricity consumption exceeding 150 units per month and at voltage level lower than 22 kV, the

conditions are the PV installed in Phayao province and the generated electricity from PV using only
during peak time periods. The results can be concluded;

1)  Minimum and maximum PV sizing chart can be obtained. The customer can choose the appropriate
PV from these charts.

2) The minimum PV size depends on the total electricity consumption before PV installation (kWhy.r)
and the existing ratio of electricity consumption in ag. The customer who uses the total electricity
consumption less than SO0 units per month and the ratio of electricity consumption in ag more
than 0.8 will not benefit from the TOU tariff.

3) The maximum PV size depends on the total electricity consumption per month and the ratio of
clectricity consumption in peak time periods. If the cleetricity consumption per month and the ratio
of clectricity consumption in peak time were increasingly high, the maximum size of the PV
installation should be accordingly enlarged as well.
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